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control bridge electrode configured to receive the light
emission control signal.
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of Korean Patent Application No. 10-2022-0085540 filed on
Jul. 12, 2022 in the Korean Intellectual Property Office
(KIPO), the entire disclosure of which is incorporated herein
by reference.

BACKGROUND
1. Field

Aspects of some embodiments of the present disclosure
relate to a display device.

2. Description of the Related Art

Electronic apparatuses such as smartphones, computers
and tablet PCs may include a display device. Recently, the
need for technology of reducing power consumption of a
display device is increasing in order to minimize or reduce
battery consumption of electronic apparatuses. Accordingly,
low-frequency driving schemes for driving a display device
at a relatively low frequency have been studied.

When a display device is driven at a relatively low
frequency (for example, when a duration of one frame
becomes relatively longer), leakage current in a pixel circuit
may be increased. Accordingly, differences in luminance of
pixels may occur between successive frames, and a defect
may be recognized in an image displayed on the display
device.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background and therefore the information discussed in this
Background section does not necessarily constitute prior art.

SUMMARY

Aspects of some embodiments of the present disclosure
include a display device having relatively improved low
frequency characteristics.

However, the characteristics of embodiments according to
the present disclosure are not limited to the above-described
object, and may be variously expanded without departing
from the idea and scope of embodiments according to the
present disclosure.

According to some embodiments, a display device
includes: a light emitting diode; a driving transistor for
transmitting driving current to the light emitting diode; a
bias transistor including an input terminal electrically con-
nected to a bias voltage line; a first light emission control
transistor including an output terminal electrically con-
nected to an input terminal of the driving transistor, and a
gate electrode to which a light emission control signal is
applied; a second light emission control transistor including
an input terminal electrically connected to an output termi-
nal of the driving transistor, and a gate electrode to which the
light emission control signal is applied; a bias bridge elec-
trode electrically coming into contact with each of an output
terminal of the bias transistor and the input terminal of the
driving transistor; and a first light emission control bridge
electrode applied thereto with the light emission control
signal, defining the gate electrode of the first light emission
control transistor and the gate electrode of the second light

10

15

20

25

30

35

40

45

50

55

60

65

2

emission control transistor, and spaced apart from the bias
bridge electrode when viewed in a plan view.

According to some embodiments, the display device may
further include: a second light emission control bridge
electrode on the first light emission control bridge electrode
when viewed in a sectional view, and electrically coming
into contact with the first light emission control bridge
electrode; and an light emission control line on the second
light emission control bridge electrode when viewed in the
sectional view, electrically coming into contact with the
second light emission control bridge electrode, and applied
thereto with the light emission control signal.

According to some embodiments, the display device may
further include at least one inorganic insulating layer
between the second light emission control bridge electrode
and the first light emission control bridge electrode when
viewed in the sectional view.

According to some embodiments, the display device may
further include at least one organic insulating layer between
the light emission control line and the second light emission
control bridge electrode when viewed in the sectional view.

According to some embodiments, a distance between a
bottom surface of the light emission control line and a top
surface of the second light emission control bridge electrode
when viewed in the sectional view may be greater than a
distance between a bottom surface of the second light
emission control bridge electrode and a top surface of the
first light emission control bridge electrode when viewed in
a sectional view.

According to some embodiments, the light second emis-
sion control bridge electrode may be spaced apart from the
bias bridge electrode when viewed in a plan view.

According to some embodiments, the light second emis-
sion control bridge electrode may be on the same layer as the
bias bridge electrode.

According to some embodiments, the display device may
further include a diode transistor including a first sub-
transistor having an output terminal connected to the gate
electrode of the driving transistor, and a second sub-tran-
sistor having an output terminal connected to an input
terminal of the first sub-transistor and an input terminal
connected to the output terminal of the driving transistor.

According to some embodiments, the display device may
further include a first stabilization electrode overlapping
with a first common area of a semiconductor layer defining
each of the input terminal of the first sub-transistor and the
output terminal of the second sub-transistor, thereby defin-
ing a first stabilization capacitor.

According to some embodiments, the display device may
further include a first bottom metal electrode overlapping
with the first common area of the semiconductor layer
defining each of the input terminal of the first sub-transistor
and the output terminal of the second sub-transistor, thereby
defining an additional-stabilization capacitor.

According to some embodiments, the first stabilization
electrode may be above the first common area of the
semiconductor layer when viewed in the sectional view, and
the first bottom metal electrode may be below the first
common area of the semiconductor layer when viewed in the
sectional view.

According to some embodiments, the first stabilization
electrode and the first bottom metal electrode may be
electrically connected to each other, and the same signal may
be applied to the first stabilization electrode and the first
bottom metal electrode.
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According to some embodiments, the signal applied to the
first stabilization electrode and the first bottom metal elec-
trode may be a constant voltage signal.

According to some embodiments, each of the first sub-
transistor and the second sub-transistor may be a double-
gate transistor including a top gate electrode and a bottom
gate electrode.

According to some embodiments, the display device may
further include a first gate voltage line defining a top gate
electrode of the first sub-transistor and a top gate electrode
of the second sub-transistor; and a second bottom metal
electrode defining a bottom gate electrode of the first sub-
transistor and a bottom gate electrode of the second sub-
transistor.

According to some embodiments, the first gate voltage
line and the second bottom metal electrode may be electri-
cally connected to each other, and a first gate voltage
provided by the first gate voltage line may be applied to the
second bottom metal electrode.

According to some embodiments, the display device may
further include a driving initialization transistor including a
third sub-transistor having an output terminal connected to
the gate electrode of the driving transistor, and a fourth
sub-transistor having an output terminal connected to an
input terminal of the third sub-transistor and an input
terminal connected to an initialization voltage line.

According to some embodiments, the bias voltage line
may overlap with a second common area of a semiconductor
layer defining each of the input terminal of the third sub-
transistor and the output terminal of the fourth sub-transis-
tor, thereby defining the second stabilization capacitor.

According to some embodiments of the present disclo-
sure, the display device includes: a light emitting diode; a
driving transistor for transmitting driving current to the light
emitting diode; a bias transistor including an input terminal
electrically connected to a bias voltage line; a first light
emission control transistor including an output terminal
electrically connected to an input terminal of the driving
transistor, and a gate electrode to which a light emission
control signal is applied; a second light emission control
transistor including an input terminal electrically connected
to an output terminal of the driving transistor, and a gate
electrode to which the light emission control signal is
applied; a diode transistor including a first sub-transistor
having an output terminal connected to a gate electrode of
the driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the first
sub-transistor and an input terminal connected to the output
terminal of the driving transistor; and a first bottom metal
electrode overlapping with a first common area of a semi-
conductor layer defining each of the input terminal of the
first sub-transistor and the output terminal of the second
sub-transistor, thereby defining an additional-stabilization
capacitor.

According to some embodiments, the display device may
further include a first stabilization electrode overlapping
with the first common area of the semiconductor layer
defining each of the input terminal of the first sub-transistor
and the output terminal of the second sub-transistor, thereby
defining a first stabilization capacitor.

According to some embodiments, each of the first sub-
transistor and the second sub-transistor may be a double-
gate transistor including a top gate electrode and a bottom
gate electrode.

According to some embodiments, the display device may
further include a first gate voltage line defining a top gate
electrode of the first sub-transistor and a bottom gate elec-
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trode of the second sub-transistor; and a second bottom
metal electrode defining a bottom gate electrode of the first
sub-transistor and a bottom gate electrode of the second
sub-transistor, and electrically connected to the first gate
voltage line.

According to some embodiments, the first bottom metal
electrode and the second bottom metal electrode may be on
the same layer.

According to some embodiments, each of the first bottom
metal electrode and the second bottom metal electrode may
be below the semiconductor layer when viewed in the
sectional view, and the first bottom metal electrode and the
second bottom metal electrode may be spaced apart from
each other when viewed in the plan view.

According to some embodiments of the present disclo-
sure, the display device includes: a light emitting diode; a
driving transistor for transmitting driving current to the light
emitting diode; a bias transistor including an input terminal
electrically connected to a bias voltage line; a first light
emission control transistor including an output terminal
electrically connected to an input terminal of the driving
transistor, and a gate electrode to which a light emission
control signal is applied; a second light emission control
transistor including an input terminal electrically connected
to an output terminal of the driving transistor, and a gate
electrode to which the light emission control signal is
applied; a diode transistor including a first sub-transistor
having an output terminal connected to a gate electrode of
the driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the first
sub-transistor and an input terminal connected to the output
terminal of the driving transistor; a first gate voltage line
defining a top gate electrode of the first sub-transistor and a
top gate electrode of the second sub-transistor; and a second
bottom metal electrode defining a bottom gate electrode of
the first sub-transistor and a bottom gate electrode of the
second sub-transistor.

According to some embodiments, the display device
includes: a bias bridge electrode electrically coming into
contact with each of an output terminal of the bias transistor
and the input terminal of the driving transistor; and a first
light emission control bridge electrode applied thereto with
the light emission control signal and spaced apart from the
bias bridge electrode when viewed in the plan view. Accord-
ing to the present disclosure, the first light emission control
bridge electrode is spaced apart from the bias bridge elec-
trode when viewed in the plan view, so that instances of
signal interference occurring between the signal applied to
the first light emission control bridge electrode and the
signal applied to the bias bridge electrode may be prevented
or reduced.

According to some embodiments, the display device
includes: a diode transistor including a first sub-transistor
having an output terminal connected to a gate electrode of
the driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the first
sub-transistor and an input terminal connected to the output
terminal of the driving transistor; and a first bottom metal
electrode overlapping with a first common area of a semi-
conductor layer defining each of the input terminal of the
first sub-transistor and the output terminal of the second
sub-transistor, thereby defining an additional-stabilization
capacitor. Accordingly, the voltage level can be maintained
relatively constantly at each of the input terminal of the first
sub-transistor and the output terminal of the second sub-
transistor.
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According to some embodiments, the display device
includes: a diode transistor including a first sub-transistor
having an output terminal connected to a gate electrode of
the driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the first
sub-transistor and an input terminal connected to the output
terminal of the driving transistor; a first gate voltage line
defining a top gate electrode of the first sub-transistor and a
top gate electrode of the second sub-transistor; and a second
bottom metal electrode defining a bottom gate electrode of
the first sub-transistor and a bottom gate electrode of the
second sub-transistor. Accordingly, each of the first sub-
transistor and the second sub-transistor can have a double-
gate structure, and diode characteristics of the first sub-
transistor and the second sub-transistor can be improved.

However, the characteristics of embodiments according to
the present disclosure are not limited to the above-described
characteristics, and may be variously expanded without
departing from the idea and scope of embodiments accord-
ing to the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram for explaining a pixel included
in a display device according to some embodiments of the
present disclosure.

FIGS. 2 to 20 are views for explaining the pixel of FIG.
1 according to some embodiments of the present disclosure.

FIG. 21 is a circuit diagram for explaining a pixel
included in a display device according to some embodiments
of the present disclosure.

FIGS. 22 to 24 are views for explaining the pixel of FIG.
21 according to some embodiments of the present disclo-
sure.

FIG. 25 is a circuit diagram for explaining a pixel
included in a display device according to some embodiments
of the present disclosure.

FIGS. 26 to 28 are views for explaining the pixel of FIG.
25 according to some embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

Hereinafter, a display device according to some embodi-
ments of the present disclosure will be described in more
detail with reference to the accompanying drawings. The
same or similar reference numerals are used for the same
components in the accompanying drawings.

FIG. 1 is a circuit diagram for explaining a pixel included
in a display device according to some embodiments of the
present disclosure.

Referring to FIG. 1, the display device according to some
embodiments of the present disclosure may include a pixel
PXa. The pixel PXa may be defined in a minimum unit for
emitting light, and may include a pixel circuit PXCa and a
light emitting diode DIOD.

The pixel circuit PXCa may include at least one transistor
and at least one capacitor. The light emitting diode DIOD
may be electrically connected to the pixel circuit PXCa, and
may include any configuration (for example, an organic light
emitting diode and the like) capable of emitting light based
on a signal provided by the pixel circuit PXCa.

The pixel circuit PXCa may include a driving transistor
T1, at least one switching transistor and a storage capacitor
CST. For example, the pixel circuit PXCa may include a
driving transistor T1, a switching transistor T2 for providing
a data voltage to the driving transistor T1, a first light
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emission control transistor T5 connected between a first
power voltage line ELVDD and the driving transistor T1, a
second light emitting control transistor T6 connected
between the driving transistor T1 and the light emitting
diode DIOD, a bias transistor T8 connected to each of the
driving transistor T1 and the first light emission control
transistor T5 and a storage Capacitor CST.

Selectively, the pixel circuit PXCa may further include at
least one other switching transistor. For example, the pixel
circuit PXCa may further include at least one of a diode
transistor T3, a driving initialization transistor T4, or a diode
initialization transistor T7.

In addition, selectively, the pixel circuit PXCa may fur-
ther include at least one other capacitor. For example, the
pixel circuit PXCa may further include at least one of a first
stabilization capacitor CS1, a second stabilization capacitor
CS2, or an additional-stabilization capacitor CSA.

Hereinafter, the transistors T1, T2, T3, T4, T5, T6, T7, and
T8, and the capacitors CST, CS1, CS2, and CSA described
above will be described in more detail.

An input terminal of the driving transistor T1 may be
connected to a data voltage line DATA, and an output
terminal of the driving transistor T1 may be connected to the
light emitting diode DIOD.

The driving transistor T1 may receive the data voltage
from the data voltage line DATA, and generate driving
current corresponding to the data voltage. The driving
current may be provided to the light emitting diode DIOD.

An input terminal of the switching transistor T2 may be
connected to the data voltage line DATA, an output terminal
of the switching transistor T2 may be connected to the input
terminal of the driving transistor T1, and a gate electrode of
the switching transistor T2 may be connected to a first gate
voltage line GW.

Accordingly, the switching transistor T2 may be turned on
by a first gate voltage provided by the first gate voltage line
GW. During the period in which the switching transistor T2
is turned on, the switching transistor T2 may provide the
data voltage to the driving transistor T1.

The diode transistor T3 may include a first sub-transistor
T3-1 and a second sub-transistor T3-2 connected to each
other. An input terminal of the first sub-transistor T3-1 may
be connected to an output terminal of the second sub-
transistor T3-2, an output terminal of the first sub-transistor
T3-1 may be connected to a gate electrode of the driving
transistor T1, and an input terminal of the second sub-
transistor T3-2 may be connected to the output terminal of
the driving transistor T1. Each of the gate electrode of the
first sub-transistor T3-1 and the gate electrode of the second
sub-transistor T3-2 may be connected to the first gate
voltage line GW.

Accordingly, the diode transistor T3 may be turned on by
the first gate voltage provided by the first gate voltage line
GW. During the period in which the diode transistor T3 is
turned on, the diode transistor T3 may compensate a thresh-
old voltage of the driving transistor T1 by diode-connecting
the driving transistor T1.

According to some embodiments, as shown in FIG. 1,
each of the first sub-transistor T3-1 and the second sub-
transistor T3-2 may be a double-gate transistor including a
top gate electrode and a bottom gate electrode. The top gate
electrode and the bottom gate electrode included in each of
the first sub-transistor T3-1 and the second sub-transistor
T3-2 may be connected to the first gate voltage line GW.

The driving initialization transistor T4 may include a third
sub-transistor T4-1 and a fourth sub-transistor T4-2 con-
nected to each other. An input terminal of the third sub-
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transistor T4-1 may be connected to an output terminal of
the fourth sub-transistor T4-2, an output terminal of the third
sub-transistor T4-1 may be connected to the gate electrode
of the driving transistor T1, and an input terminal of the
fourth sub-transistor T4-2 may be connected to an initial-
ization voltage line VINT. Each of the gate electrode of the
third sub-transistor T4-1 and the gate electrode of the fourth
sub-transistor T4-2 may be connected to a second gate
voltage line GI.

Accordingly, the driving initialization transistor T4 may
be turned on by a second gate voltage provided by the
second gate voltage line GI. During the period in which the
driving initialization transistor T4 is turned on, the driving
initialization transistor T4 may provide an initialization
voltage provided by the initialization voltage line VINT to
the gate electrode of the driving transistor T1.

An input terminal of the first light emission control
transistor T5 may be connected to the first power voltage
line ELVDD, an output terminal of the first light emission
control transistor T5 may be connected to the input terminal
of the driving transistor T1, and a gate electrode of the first
light emission control transistor T5 may be connected to a
light emission control line EM.

Accordingly, the first light emission control transistor T5
may be turned on by a light emission control signal provided
by the light emission control line EM. During the period in
which the first light emission control transistor T5 is turned
on, the first light emission control transistor T5 may provide
a first power voltage provided by the first power voltage line
ELVDD to the driving transistor T1.

According to some embodiments, each of the first power
voltage provided by the first power voltage line ELVDD and
a second power supply voltage provided by a second power
voltage line ELVSS connected to the light emitting diode
DIOD may be a constant voltage. The first power voltage
and the second power voltage may have levels with voltages
different from each other.

An input terminal of the second light emission control
transistor T6 may be connected to the output terminal of the
driving transistor T1, an output terminal of the second light
emission control transistor T6 may be connected to the light
emitting diode DIOD, and a gate electrode of the second
light emission control transistor T6 may be connected to the
light emission control line EM.

Accordingly, the second light emission control transistor
T6 may be turned on by the light emission control signal.
During the period in which the second light emission control
transistor T6 is turned on, the second light emission control
transistor T6 may provide the driving current to the light
emitting diode DIOD.

An input terminal of the diode initialization transistor T7
may be connected to a diode initialization voltage line
VAINT, an output terminal of the diode initialization tran-
sistor T7 may be connected to the light emitting diode
DIOD, and a gate electrode of the diode initialization
transistor T7 may be connected to a third gate voltage line
GB.

Accordingly, the diode initialization transistor T7 may be
turned on by a third gate voltage provided by the third gate
voltage line GB. During the period in which the diode
initialization transistor T7 is turned on, the diode initializa-
tion transistor T7 may provide a diode initialization voltage
provided by the diode initialization voltage line VAINT to
the light emitting diode DIOD.

An input terminal of the bias transistor T8 may be
connected to a bias voltage line VBIAS, an output terminal
of the bias transistor T8 may be connected to the input
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terminal of the driving transistor T1, and a gate electrode of
the bias transistor T8 may be connected to the third gate
voltage line GB.

Accordingly, the bias transistor T8 may be turned on by
the third gate voltage. During the period in which the bias
transistor T8 is turned on, the bias transistor T8 may provide
a bias voltage to the driving transistor T1.

A first terminal of the storage capacitor CST may be
connected to the gate electrode of the driving transistor T1,
and a second terminal of the storage capacitor CST may be
connected to the first power voltage line ELVDD.

During the inactivation period of the first gate voltage
provided by the first gate voltage line GW, the storage
capacitor CST may allow a voltage level of the gate elec-
trode of the driving transistor T1 to be maintained.

A first terminal of the first stabilization capacitor CS1 may
be connected to each of the input terminal of the first
sub-transistor T3-1 and the output terminal of the second
sub-transistor T3-2, and a second terminal of the first
stabilization capacitor CS1 may be connected to the first
power voltage line ELVDD.

The first stabilization capacitor CS1 may relatively con-
stantly maintain the voltage level at each of the input
terminal of the first sub-transistor T3-1 and the output
terminals of the second sub-transistor T3-2. Accordingly,
leakage current in the diode transistor T3 may be reduced,
and low-frequency characteristics of the display device may
be improved.

A first terminal of the second stabilization capacitor CS2
may be connected to each of the input terminal of the third
sub-transistor T4-1 and the output terminal of the fourth
sub-transistor T4-2, and a second terminal of the second
stabilization capacitor CS2 may be connected to the bias
voltage line VBIAS.

The second stabilization capacitor CS2 may relatively
constantly maintain the voltage level at each of the input
terminal of the third sub-transistor T4-1 and the output
terminal of the fourth sub-transistor T4-2. Accordingly,
leakage current of the driving initialization transistor T4
may be reduced, and low-frequency characteristics of the
display device may be improved.

A first terminal of the additional-stabilization capacitor
CSA may be connected to each of the input terminal of the
first sub-transistor T3-1 and the output terminal of the
second sub-transistor T3-2, and a second terminal of the
additional-stabilization capacitor CSA may be connected to
the first power voltage line ELVDD.

The additional-stabilization capacitor CSA may perform
substantially the same function as the first stabilization
capacitor CS1. Specifically, the additional-stabilization
capacitor CSA may relatively constantly maintain the volt-
age level at each of the input terminal of the first sub-
transistor T3-1 and the output terminal of the second sub-
transistor T3-2.

According to some embodiments, as shown in FIG. 1,
when the pixel circuit PXa simultaneously includes the first
stabilization capacitor CS1 and the additional-stabilization
capacitor CSA, the leakage current in the diode transistor T3
may be further reduced, and the low-frequency characteris-
tics of the display device may be further improved.

FIGS. 2 to 20 are views for explaining the pixel of FIG.
1. FIGS. 2 to 20 are views for explaining a plurality of pixel
circuits located adjacent to each other in a part of a display
area for displaying images, in the display device according
to some embodiments of the present disclosure. The pixel
circuits may include configurations substantially identical to
each other. Accordingly, for convenience of description,
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only the configuration corresponding to one of the pixel
circuits (for example, PXCa in FIG. 1) will be described in
FIGS. 2 to 20.

FIG. 2 is a plan view for explaining a bottom metal
electrode BML.

Referring to FIG. 2, the pixel circuit PXCa may include
a bottom metal electrode BML. The bottom metal electrode
BML may also be referred to as an overlapping layer, a
bottom electrode layer, a bottom shield layer, a bottom metal
layer, or a bottom light blocking layer.

The bottom metal electrode BML may include a conduc-
tive material. For example, the bottom metal electrode BML
may include silver, alloys containing silver, molybdenum,
alloys containing molybdenum, aluminum, alloys contain-
ing aluminum, aluminum nitride, tungsten, tungsten nitride,
copper, indium tin oxide, indium zinc oxide, and the like,
and these may be used individually or in combination.

The bottom metal electrode BML may include a first
bottom metal electrode BML1 and a second bottom metal
electrode BML2. The first bottom metal electrode BML1
and the second bottom metal electrode BML2 may be
spaced apart from each other when viewed in the plan view.

The first bottom metal electrode BML1 and the second
bottom metal electrode BML2 may be formed by the same
process. For example, the first bottom metal electrode
BML1 and the second bottom metal electrode BML.2 may
contain the same material. In addition, as shown in FIG. 7,
the first bottom metal electrode BML1 and the second
bottom metal electrode BML2 may be located on the same
layer (for example, IL1 in FIG. 7).

Each of the first bottom metal electrode BML1 and the
second bottom metal electrode BML2 may be arranged to
overlap with a semiconductor layer ATV described later
when viewed in the plan view. For example, the first bottom
metal electrode BML1 may overlap with a first common
area ATV_T3c¢ of the semiconductor layer ATV, so as to
define the second terminal of the additional-stabilization
capacitor CSA, and the second bottom metal electrode
BML2 may overlap with a first sub-channel area T3-1¢ and
a second sub-channel area T3-2¢ of the semiconductor layer
ATV, thereby defining a bottom gate electrode of the first
sub-transistor T3-1 and a bottom gate electrode of the
second sub-transistor T3-2.

FIG. 3 is a plan view for explaining the semiconductor
layer ATV.

Referring to FIG. 3, the pixel circuit PXCa may include
a semiconductor layer ATV. The semiconductor layer ATV
may include a semiconductor material. According to some
embodiments, the semiconductor layer ATV may include a
silicon semiconductor material. For example, the semicon-
ductor layer ATV may include amorphous silicon, polycrys-
talline silicon, and the like. According to some embodi-
ments, the semiconductor layer ATV may include an oxide
semiconductor material. For example, the semiconductor
layer ATV may include indium-gallium-zinc oxide, indium-
gallium oxide, indium-zinc oxide, and the like.

The semiconductor layer ATV may include a first semi-
conductor area ATV1 having relatively high conductivity,
and a second semiconductor area ATV2 having relatively
low conductivity. For example, the first semiconductor area
ATV1 may be an area doped with an N-type dopant or a
P-type dopant, and the second semiconductor area ATV2
may be a non-doped area or an area doped with a concen-
tration lower than a concentration of the first semiconductor
area ATV1.

The first semiconductor area ATV1 may include first to
ninth areas Al, A2, A3, Ad, A5, A6, A7, A8 and A9, a first
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common area ATV_T3¢, and a second common area
ATV _T4c. The fifth area A5 may include an N-th area A5(N)
included in a pixel circuit in an N-th row, and an (N+1)-th
area AS(N+1) included in a pixel circuit in an (N+1)-th row
adjacent to the N-th row. The first semiconductor area ATV1
may serve as an electrode, a signal line, an input terminal of
a transistor, an output terminal of the transistor, and/or one
terminal of a capacitor.

The second semiconductor area ATV2 may include a
plurality of channel areas Tle, T2¢, T3-1c, T3-2¢, T4-1c,
T4-2¢, T5¢, Téc, T7¢, and T8c. The second semiconductor
area ATV2 is an area overlapping with the first conductive
layer C1, and may be an area defining a channel area (or
active area) of a transistor.

FIG. 4 is a plan view for explaining the first conductive
layer C1.

Referring to FIG. 4, the pixel circuit PXCa may include
a first conductive layer C1. The first conductive layer C1
may include a conductive material. For example, the first
conductive layer C1 may include silver, alloys containing
silver, molybdenum, alloys containing molybdenum, alumi-
num, alloys containing aluminum, aluminum nitride, tung-
sten, tungsten nitride, copper, indium tin oxide, indium zinc
oxide, and the like, and these may be used individually or in
combination.

The first conductive layer C1 may include a first gate
voltage line GW, a second gate voltage line G, a third gate
voltage line GB, a first light emission control bridge elec-
trode BR1_EM, and a first storage electrode CSTE1.

The first gate voltage may be applied to the first gate
voltage line GW, the second gate voltage may be applied to
the second gate voltage line GI, and the third gate voltage
may be applied to the third gate voltage line GB.

The first light emission control bridge electrode BR1_EM
may be electrically connected to a light emission control line
(EM in FIGS. 16 and 17) described in more detail later, and
accordingly, the light emission control signal may be pro-
vided to the first light emission control bridge electrode
BR1_EM.

The first conductive layer C1 may overlap with a second
area A2 of the semiconductor layer ATV. Specifically, the
first storage electrode CSTE1 may overlap with a first
channel area T1c, the first gate voltage line GW may overlap
with a second channel area ATV2 and a third channel area
ATV3, the second gate voltage line GI may overlap with a
fourth channel area ATV4, the first light emission control
bridge electrode BR1_EM may overlap with a fifth channel
area T5c¢ and a sixth channel area T6c, and the third gate
voltage line GB may overlap with a seventh channel area
T7¢ and an eighth channel area T8¢. Accordingly, the first
conductive layer C1 may define the gate electrode of the
transistor. The first conductive layer C1 may function as a
mask in a process of doping the semiconductor layer ATV.

FIGS. 5 and 6 are plan views for explaining the bottom
metal electrode BML, the semiconductor layer ATV, and the
first conductive layer C1.

Referring to FIGS. 2 to 6, the semiconductor layer ATV
may be located on the bottom metal electrode BML, and the
first conductive layer C1 may be located on the semicon-
ductor layer ATV.

The bottom metal electrode BML, the semiconductor
layer ATV, and the first conductive layer C1 may define the
transistors T1, T2, T3, T4, T5, T6, T7, and T8, and the
additional-stabilization capacitor CSA described with refer-
ence to FIG. 1. Hereinafter, the transistors T1, T2, T3, T4,
T5,T6, T7, and T8, and the additional-stabilization capacitor
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CSA defined by the bottom metal electrode BML, the
semiconductor layer ATV, and the first conductive layer C1
will be described.

The driving transistor T1 may be defined by the first
storage electrode CSTE1 and the first channel area Tlc, the
first area Al and the second area A2 of the semiconductor
layer ATV.

Specifically, the first storage electrode CSTE1 may define
the gate electrode of the driving transistor T1, and the first
channel area Tlc may be a channel area of the driving
transistor T1. In addition, the first area Al adjacent to the
first channel area Tlc may be the input terminal of the
driving transistor T1, and the second area A2 adjacent to the
first channel area T1lc may be the output terminal of the
driving transistor T1.

The switching transistor T2 may be defined by the first
gate voltage line GW and the second channel area T2¢, the
first area A1 and the third area A3 of the semiconductor layer
ATV.

Specifically, the first gate voltage line GW may define the
gate electrode of the switching transistor T2, and the second
channel area T2¢ may be a channel area of the switching
transistor T2. In addition, the third area A3 adjacent to the
second channel area T2¢ may be the input terminal of the
switching transistor T2, and the first area A1 adjacent to the
second channel area T2¢ may be the output terminal of the
switching transistor T2.

The first sub-transistor T3-1 and the second sub-transistor
T3-2 may be defined by the first gate voltage line GW, the
second bottom metal electrode BML?2, and the first sub-
channel area T3-1c¢, the second sub-channel area T3-2¢, the
second area A2, the fourth area A4 and the first common area
ATV_T3c of the semiconductor layer ATV.

The first gate voltage line GW may define a top gate
electrode of the first sub-transistor T3-1 and a top gate
electrode of the second sub-transistor T3-2. According to
some embodiments, when each of the first sub-transistor
T3-1 and the second sub-transistor T3-2 is a double-gate
transistor, the second bottom metal electrode BML2 may
define a bottom gate electrode of the first sub-transistor T3-1
and a bottom gate electrode of the second sub-transistor
T3-2.

The first sub-channel area T3-1¢ may be a channel area of
the first sub-transistor T3-1, and the second sub-channel area
T3-2¢ may be a channel area of the second sub-transistor
T3-2.

The fourth area A4 adjacent to the first sub-channel area
T3-1¢ may be the output terminal of the first sub-transistor
T3-1, and the second area A2 adjacent to the second sub-
channel area T3-2¢ may be the input terminal of the second
sub-transistor T3-2.

In addition, in the first common area ATV_T3c, the area
adjacent to the first sub-channel area T3-1¢ may be the input
terminal of the first sub-transistor T3-1, and the area adja-
cent to the second sub-channel area T3-2¢ may be the output
terminal of the second sub-transistor T3-2. In other words,
the first common area ATV_T3c¢ may define each of the input
terminal of the first sub-transistor T3-1 and the output
terminal of the second sub-transistor T3-2. The first common
area ATV_T3c¢ may also serve as an electrode (or signal line)
for electrically connecting the input terminal of the first
sub-transistor T3-1 and the output terminal of the second
sub-transistor T3-2 to each other.

The third sub-transistor T4-1 and the fourth sub-transistor
T4-2 may be defined by the second gate voltage line GI, and
the third sub-channel area T4-1c¢, the fourth sub-channel area
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T4-2¢, the N-th area AS(N), the fourth area A4 and the
second common area ATV_T4c of the semiconductor layer
ATV.

The second gate voltage line GI may define the gate
electrode of the third sub-transistor T4-1 and the gate
electrode of the fourth sub-transistor T4-2, the third sub-
channel area T4-1¢ may be a channel area of the third
sub-transistor T4-1, and the fourth sub-channel area T4-2¢
may be a channel area of the fourth sub-transistor T4-2.

The fourth area A4 adjacent to the third sub-channel area
T4-1¢ may be the output terminal of the third sub-transistor
T4-1, and the N-th area A5(N) adjacent to the fourth
sub-channel area T4-2¢ may be the input terminal of the
fourth sub-transistor T4-2.

In addition, in the second common area ATV_T4c, the
area adjacent to the third sub-channel area T4-1¢ may be the
input terminal of the third sub-transistor T4-1, and the area
adjacent to the fourth sub-channel area T4-2¢ may be the
output terminal of the fourth sub-transistor T4-2. In other
words, the second common area ATV_T4c¢ may define each
of the input terminal of the third sub-transistor T4-1 and the
output terminal of the fourth sub-transistor T4-2. In addition,
the second common area ATV_T4c¢ may also serve as an
electrode (or signal line) for electrically connecting the input
terminal of the third sub-transistor T4-1 and the output
terminal of the fourth sub-transistor T4-2 to each other.

The first light emission control transistor T5 may be
defined by the first light emission control bridge electrode
BR1_EM, and the fifth channel area T5¢, the sixth area A6
and the first area Al of the semiconductor layer ATV.

Specifically, the first light emission control bridge elec-
trode BR1_EM may define the gate electrode of the first
light emission control transistor T5, and the fifth channel
area T5¢ may be a channel area of the first light emission
control transistor T5. In addition, the sixth area A6 adjacent
to the fifth channel area T5¢ may be the input terminal of the
first light emission control transistor T5, and the first area A1
adjacent to the fifth channel area T5¢ may be the output
terminal of the first light emission control transistor T5.

The second light emission control transistor T6 may be
defined by the first light emission control bridge electrode
BR1_EM, and the sixth channel area T6c¢, the second area
A2 and the seventh area A7 of the semiconductor layer ATV.

Specifically, the first light emission control bridge elec-
trode BR1_EM may define the gate electrode of the second
light emission control transistor T6, and the sixth channel
area T6c may be a channel area of the second light emission
control transistor T6. In addition, the second area A2 adja-
cent to the sixth channel area T6c may be the input terminal
of the second light emission control transistor T6, and the
seventh area A7 adjacent to the sixth channel area T6¢c may
be the output terminal of the second light emission control
transistor T6.

As described above, the first light emission control bridge
electrode BR1_EM may simultaneously overlap with the
fifth channel area T5¢ and the sixth channel area T6c of the
semiconductor layer ATV. Accordingly, the first light emis-
sion control bridge electrode BR1_EM may define each of
the gate electrode of the first light emission control transistor
T5 and the gate electrode of the second light emission
control transistor T6.

The diode initialization transistor T7 may be defined by
the third gate voltage line GB, and the seventh channel area
T7c¢, the (N+1)-th area A5(N+1) and the seventh area A7 of
the semiconductor layer ATV.

For example, the third gate voltage line GB may define
the gate electrode of the diode initialization transistor T7,
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and the seventh channel area T7¢ may be the channel area
of the diode initialization transistor T7. In addition, the
(N+1)-th area A5(N+1) adjacent to the seventh channel area
T7¢ may be the input terminal of the diode initialization
transistor T7, and the seventh area A7 adjacent to the seventh
channel area T7¢ may be the output terminal of the diode
initialization transistor T7.

The bias transistor T8 may be defined by the third gate
voltage line GB, and the eighth channel area T8¢, the eighth
area A8 and the ninth area A9 of the semiconductor layer
ATV.

For example, the third gate voltage line GB may define
the gate electrode of the bias transistor T8, and the eighth
channel area T8¢ may be the channel area of the bias
transistor T8. In addition, the ninth area A9 adjacent to the
eighth channel area T8¢ may be the input terminal of the bias
transistor T8, and the eighth area A8 adjacent to the eighth
channel area T8¢ may be the output terminal of the bias
transistor T8.

As described above, the third gate voltage line GB may
simultaneously overlap with the seventh channel area T7¢
and the eighth channel area T8¢ of the semiconductor layer
ATV. Accordingly, the third gate voltage line GB may define
each of the gate electrode of the diode initialization transis-
tor T7 and the gate electrode of the bias transistor T8.

The additional-stabilization capacitor CSA may be
defined by the first bottom metal electrode BML1, and the
first common area ATV_T3c¢ of the semiconductor layer
ATV. This will be described later with reference to FIG. 10.

As described above, the bottom metal electrode BML, the
semiconductor layer ATV, and the first conductive layer C1
may define the transistors T1, T2, T3, T4, T5, T6, T7 and T8.
The first area Al of the semiconductor layer ATV may also
serve as an electrode (or signal line) for electrically con-
necting two different transistors to each other.

For example, the first area A1 of the semiconductor layer
ATV may serve as an electrode for electrically connecting
the input terminal of the driving transistor T1, the output
terminal of the switching transistor T2, and the output
terminal of the first light emission control transistor T5 to
each other.

For another example, the second area A2 of the semicon-
ductor layer ATV may serve as an electrode for electrically
connecting the output terminal of the driving transistor T1,
the input terminal of the second sub-transistor T3-2, and the
input terminal of the second light emission control transistor
T6 to each other.

For still another example, the seventh area A7 of the
semiconductor layer ATV may serve as an electrode for
electrically connecting the output terminal of the second
light emission control transistor T6 and the output terminal
of the diode initialization transistor T7 to each other, and the
fourth area A4 of the semiconductor layer ATV may serve as
an electrode for electrically connecting the output terminal
of' the first sub-transistor T3-1 and the output terminal of the
third sub-transistor T4-1 to each other.

FIG. 7 is a sectional view taken along lines I-I' and II-IT'
of FIG. 6.

Referring to FIG. 7, the display device according to some
embodiments of the present disclosure may include a sub-
strate SUB, a first insulating layer IL1, a second insulating
layer 112, a third insulating layer I[.3, and a fourth insulating
layer 1L.4.

The substrate SUB may include glass, quartz, sapphire,
and the like. The first insulating layer IL.1, the second
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insulating layer 112, the third insulating layer 1.3, and the
fourth insulating layer I1.4 may be sequentially laminated on
the substrate SUB.

Each of the first to fourth insulating layers 111, 1.2, IL.3
and 1.4 may include an inorganic insulating material. For
example, each of the first to fourth insulating layers IL.1,
112, IL.3 and I1.4 may include aluminum oxide, titanium
oxide, silicon oxide, silicon nitride, silicon oxynitride, zir-
conium oxide, hafnium oxide, and the like, and these may be
used individually or in combination. In addition, each of the
first to fourth insulating layers 1L.1, 1.2, IL.3 and 1.4 may
have a single-layer or multi-layer structure including at least
one of the above-described materials.

The bottom metal electrode BML may be located on the
first insulating layer I[.1, and the second insulating layer I1[.2
may cover the bottom metal electrode BML. For example, as
shown in FIG. 7, the second bottom metal electrode BML2
may be located on the first insulating layer 1[.1, and the
second insulating layer 1.2 may cover the second bottom
metal electrode BML2.

The semiconductor layer ATV may be located on the
second insulating layer 1.2, and the third insulating layer
IL3 may cover the semiconductor layer ATV.

The first conductive layer C1 may be located on the third
insulating layer I1.3, and the fourth insulating layer 1.4 may
cover the first conductive layer C1. For example, as shown
in FIG. 7, the first gate voltage line GW may be located on
the third insulating layer 1.3, and the fourth insulating layer
1L4 may cover the first gate voltage line GW.

The second bottom metal electrode BML2, the semicon-
ductor layer ATV, and the first gate voltage line GW may
define a first sub-transistor T3-1 and a second sub-transistor
T3-2 each having a double-gate structure. The second bot-
tom metal electrode BML2 may overlap with the first
sub-channel area T3-1c and the second sub-channel area
T3-2¢ of the semiconductor layer ATV, so that may define
each bottom gate electrode of the first sub-transistor T3-1
and the second sub-transistor T3-2, and the first gate voltage
line GW may overlap with the first sub-channel area T3-1c¢
and the second sub-channel area T3-2¢ of the semiconductor
layer ATV, so that may define each top gate electrode of the
first sub-transistor T3-1 and the second sub-transistor T3-2.

Accordingly, each of the first sub-transistor T3-1 and the
second sub-transistor T3-2 has the double-gate structure, so
that each voltage level of the first sub-transistor T3-1 and the
second sub-transistor T3-2 may be maintained relatively
constantly. Accordingly, leakage current in the first sub-
transistor T3-1 and the second sub-transistor T3-2 may be
reduced, and low-frequency characteristics of the display
device may be improved.

FIG. 8 is a plan view for explaining the second conductive
layer C2.

Referring to FIG. 8, the pixel circuit PXCa may include
a second conductive layer C2. The second conductive layer
C2 may include a conductive material. For example, the
second conductive layer C2 may include silver, alloys
containing silver, molybdenum, alloys containing molybde-
num, aluminum, alloys containing aluminum, aluminum
nitride, tungsten, tungsten nitride, copper, indium tin oxide,
indium zinc oxide, and the like, and these may be used
individually or in combination.

The second conductive layer C2 may include a first
stabilization electrode CS1E, a bias voltage line VBIAS, and
a second storage electrode CSTE2.

The bias voltage may be applied to the bias voltage line
VBIAS. The bias voltage line VBIAS may include an N-th
bias voltage line VBIAS(N) included in the pixel circuit of
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the N-th row, and an (N+1)-th bias voltage line VBIAS(N+1)
included in the pixel circuit of the (N+1)-th row.

FIG. 9 is a plan view for explaining the bottom metal
electrode BML, the semiconductor layer ATV, the first
conductive layer C1, and the second conductive layer C2.

Referring to FIG. 9, the second conductive layer C2 may
be located on the bottom metal electrode BML, the semi-
conductor layer ATV, and the first conductive layer C1.

The first stabilization electrode CS1E may overlap with
the first common area ATV_T3c¢ of the semiconductor layer
ATV defining the input terminal of the first sub-transistor
T3-1 and the output terminal of the second sub-transistor
T3-2, thereby defining the additional-stabilization capacitor
CSA. This will be described later with reference to FIG. 10.

The N-th bias voltage line VBIAS(N) may overlap with
the second common area ATV_T4c of the semiconductor
layer ATV defining the input terminal of the third sub-
transistor T4-1 and the output terminal of the fourth sub-
transistor T4-2, thereby defining the second stabilization
capacitor CS2. This will be described later with reference to
FIG. 10.

The second storage electrode CSTE2 may overlap with
the first storage electrode CSTE1, thereby defining the
storage capacitor CST. The first storage electrode CSTE1
may define the first terminal of the storage capacitor CST,
and the second storage electrode CSTE2 may define the
second terminal of the storage capacitor CST. As shown in
FIG. 9, the second storage electrode CSTE2 may define an
opening for exposing a part of the first storage electrode
CSTEL.

FIG. 10 is a sectional view taken along lines III-I1l' and
IV-IV' of FIG. 9.

Referring to FIG. 10, the fifth insulating layer IL5 may be
located on the fourth insulating layer 1L.4. The fifth insulat-
ing layer IL5 may include an inorganic insulating material.
For example, the fifth insulating layer IL.5 may include
aluminum oxide, titanium oxide, silicon oxide, silicon
nitride, silicon oxynitride, zirconium oxide, hafnium oxide,
and the like, and these may be used individually or in
combination. In addition, the fifth insulating layer IL5 may
have a single-layer or multi-layer structure including at least
one of the above-described materials.

The second conductive layer C2 may be located on the
fourth insulating layer 1.4, and the fifth insulating layer IL5
may cover the second conductive layer C2. For example, as
shown in FIG. 10, the first stabilization electrode CS1E and
the N-th bias voltage line VBIAS(N) may be located on the
fourth insulating layer 1.4, and the fifth insulating layer IL5
may cover the first stabilization electrode CS1E and the N-th
bias voltage line VBIAS(N).

The first bottom metal electrode BML1 may overlap with
a first common area ATV_T3c¢ of the semiconductor layer
ATV, thereby defining the additional-stabilization capacitor
CSA. The first common area ATV_T3c¢ of the semiconductor
layer ATV may define the first terminal of the additional-
stabilization capacitor CSA, and the first bottom metal
electrode BML1 may define the second terminal of the
additional-stabilization capacitor CSA.

The first stabilization electrode CS1E may overlap with a
first common area ATV_T3c¢ of the semiconductor layer
ATV, thereby defining the first stabilization capacitor CS1.
The first common area ATV_T3c¢ of the semiconductor layer
ATV may define the first terminal of the first stabilization
capacitor CS1, and the first stabilization electrode CS1E
may define the second terminal of the first stabilization
capacitor CS1.
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The N-th bias voltage line VBIAS(N) may overlap with
the second common area ATV_T4c of the semiconductor
layer ATV, thereby defining the second stabilization capaci-
tor CS2. The second common area ATV_T4c of the semi-
conductor layer ATV may define the first terminal of the
second stabilization capacitor CS2, and the N-th bias voltage
line VBIAS(N) may define the second terminal of the second
stabilization capacitor CS2.

FIG. 11 is a plan view for explaining a third conductive
layer C3.

Referring to FIG. 11, the pixel circuit PXa may include a
third conductive layer C3. The third conductive layer C3
may include a conductive material. For example, the third
conductive layer C3 may include silver, alloys containing
silver, titanium, alloys containing titanium, molybdenum,
alloys containing molybdenum, aluminum, alloys contain-
ing aluminum, aluminum nitride, tungsten, tungsten nitride,
copper, indium tin oxide, indium zinc oxide, and the like,
and these may be used individually or in combination. In
addition, the third conductive layer C3 may have a single-
layer or multi-layer structure including at least one of the
above-described materials.

The third conductive layer C3 may include an initializa-
tion voltage line VINT, a first vertical power voltage line
ELVDD_YV, a diode initialization voltage line VAINT, a first
connection electrode CE1, a second connection electrode
CE2, a first pixel bridge electrode BR1_PXE, a first bias
bridge electrode BR1_VBIAS, a second bias bridge elec-
trode BR2_VBIAS, a second light emission control bridge
electrode BR2_EM, and a first data bridge electrode
BR1_DATA.

The initialization voltage may be applied to the initial-
ization voltage line VINT, the first power voltage may be
applied to the first vertical power voltage line ELVDD_V,
and the diode initialization voltage may be applied to the
diode initialization voltage line VAINT.

FIG. 12 is a plan view for explaining the bottom metal
electrode BML, the semiconductor layer ATV, the first
conductive layer C1, the second conductive layer C2, and
the third conductive layer C3.

Referring to FIG. 12, the third conductive layer C3 may
be located on the bottom metal electrode BML, the semi-
conductor layer ATV, the first conductive layer C1 and the
second conductive layer C2.

The initialization voltage line VINT may electrically
come into contact with the N-th area A5(N) of the semicon-
ductor layer ATV. Accordingly, the initialization voltage line
VINT may provide the initialization voltage to the input
terminal of the fourth sub-transistor T4-2.

The first vertical power voltage line ELVDD_V may
electrically come into contact with the second storage elec-
trode CSTE2. Accordingly, the first vertical power voltage
line ELVDD_V may provide the first power voltage to the
second storage electrode CSTE2.

In addition, the first vertical power voltage line
ELVDD_V may electrically come into contact with each of
the first stabilization electrode CS1E and the first bottom
metal electrode BML1. Accordingly, the first vertical power
voltage line ELVDD_V may electrically connect the first
stabilization electrode CS1E and the first bottom metal
electrode BML1 to each other, and may provide the first
power voltage to each of the first stabilization electrode
CSIE and the first bottom metal electrode BML1. This will
be described later with reference to FIG. 13.

The diode initialization voltage line VAINT may electri-
cally come into contact with the (N+1)-th area AS(N+1) of
the semiconductor layer ATV. Accordingly, the diode ini-
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tialization voltage line VAINT may provide the diode ini-
tialization voltage to the input terminal of the diode initial-
ization transistor 17.

The first connection electrode CE1 may electrically come
into contact with the first storage electrode CSTE1 and the
fourth area A4 of the semiconductor layer ATV. Accordingly,
the first connection electrode CE1 may electrically connect
the first storage electrode CSTFE1, the output terminal of the
first sub-transistor T3-1, and the output terminal of the third
sub-transistor T4-1 to each other.

The second connection electrode CE2 may electrically
come into contact with each of the first gate voltage line GW
and the second bottom metal electrode BML2. Accordingly,
the second connection electrode CE2 may electrically con-
nect the first gate voltage line GW and the second bottom
metal electrode BML2 to each other.

The first pixel bridge electrode BR1_PXE may electri-
cally come into contact with the seventh area A7 of the
semiconductor layer ATV.

The first bias bridge electrode BR1_VBIAS may electri-
cally come into contact with each of the (N+1)-th bias
voltage line VBIAS(N+1) and the ninth area A9 of the
semiconductor layer ATV. Accordingly, the first bias bridge
electrode BR1_VBIAS may electrically connect the (N+1)-
th bias voltage line VBIAS(N+1) and the input terminal of
the bias transistor T8 to each other, and the bias voltage may
be provided to the input terminal of the bias transistor T8
through the first bias bridge electrode BR1_VBIAS.

The second bias bridge electrode BR2_VBIAS may be
electrically connected to each of the first area Al and the
eighth area A8 of the semiconductor layer ATV. Accord-
ingly, the second bias bridge electrode BR2_VBIAS may
electrically connect the output terminal of the bias transistor
T8 and the input terminal of the driving transistor T1 to each
other, and a signal outputted from the output terminal of the
bias transistor T8 may be provided to the input terminal of
the driving transistor T1 through the second bias bridge
electrode BR2_VBIAS.

The second light emission control bridge electrode
BR2_EM may electrically come into contact with the first
light emission control bridge electrode BR1_EM.

The first data bridge electrode BR1_DATA may electri-
cally come into contact with the third area A3 of the
semiconductor layer ATV.

FIG. 13 is a sectional view taken along line V-V' of FIG.
12. FIG. 14 is a sectional view taken along line VI-VI' of
FIG. 12. FIG. 15 is a sectional view taken along line VII-VII'
of FIG. 12.

Referring to FIGS. 13 to 15, the first organic insulating
layer I1.01 may be located on the fifth insulating layer IL5,
and may include an organic insulating material. For
example, the first organic insulating layer 11.01 may include
at least one of acrylic resin, methacrylic resin, polyisoprene,
vinyl-based resin, epoxy-based resin, urethane-based resin,
cellulose-based resin, siloxane-based resin, polyimide-based
resin, polyamide-based resin, or perylene-based resin.

The third conductive layer C3 may be located on the fifth
insulating layer IL5, and the first organic insulating layer
1L.01 may cover the third conductive layer C3. For example,
as shown in FIGS. 13 to 15, each of the first vertical power
voltage line ELVDD_V, the second connection electrode
CE2, the first bias bridge electrode BR1_VBIAS, and the
second bias bridge electrode BR2_VBIAS may be located
on the fifth insulating layer IL5, and the first organic
insulating layer IL.01 may cover each of the first vertical
power voltage line ELVDD_YV, the second connection elec-
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trode CE2, the first bias bridge electrode BR1_VBIAS, and
the second bias bridge electrode BR2_VBIAS.

Referring to FIG. 13, the first vertical power voltage line
ELVDD_V may electrically come into contact with each of
the first bottom metal electrode BML1 and the first stabili-
zation electrode CS1E. Accordingly, the first vertical power
voltage line ELVDD_V may electrically connect the first
bottom metal electrode BML1 and the first stabilization
electrode CS1E.

The first power voltage is applied to the first vertical
power voltage line ELVDD_V, so that the first power voltage
may be applied to each of the first bottom metal electrode
BML1 and the first stabilization electrode CS1E. According
to some embodiments, the first power voltage may be a
constant voltage signal. The same constant voltage signal
may be applied to each of the first bottom metal electrode
BML1 and the first stabilization electrode CS1E.

Referring to FIG. 14, the second connection electrode
CE2 may electrically come into contact with each of the
second bottom metal electrode BMIL.2 and the first gate
voltage line GW. Accordingly, the first gate voltage applied
to the first gate voltage line GW may be provided to the
second bottom metal electrode BML2.

Referring to FIG. 15, the first bias bridge electrode
BR1_VBIAS may electrically come into contact with each
of'the (N+1)-th bias voltage line VBIAS(N+1) and the ninth
area A9 of the semiconductor layer ATV. Accordingly, the
bias voltage applied to the (N+1)-th bias voltage line VIBAS
(N+1) may be provided to the input terminal of the bias
transistor T8.

In addition, the second bias bridge electrode BR2_VBIAS
may electrically come into contact with each of the first area
A1 and the eighth area A8 of the semiconductor layer ATV.
Accordingly, the signal outputted from the output terminal
of the bias transistor T8 may be provided to the input
terminal of the driving transistor T1.

FIG. 16 is a plan view for explaining a fourth conductive
layer C4.

Referring to FIG. 16, the pixel circuit PXa may include a
fourth conductive layer C4. The fourth conductive layer C4
may include a conductive material. For example, the fourth
conductive layer C4 may include silver, alloys containing
silver, titanium, alloys containing titanium, molybdenum,
alloys containing molybdenum, aluminum, alloys contain-
ing aluminum, aluminum nitride, tungsten, tungsten nitride,
copper, indium tin oxide, indium zinc oxide, and the like,
and these may be used individually or in combination. In
addition, the fourth conductive layer C4 may have a single-
layer or multi-layer structure including at least one of the
above-described materials.

The fourth conductive layer C4 may include a horizontal
bridge line BRS_H, a third connection electrode CE3, a light
emission control line EM, a first horizontal power voltage
line ELVDD_H, a second data bridge electrode BR2_DATA,
and a second pixel bridge electrode BR2_PXE.

The first power voltage may be applied to the first
horizontal power voltage line ELVDD_H, and the light
emission control signal may be applied to the light emission
control line EM.

The horizontal bridge line BRS_H may include an N-th
horizontal bridge line BRS_H(N) included in the pixel
circuit of the N-th row, and an (N+1)-th horizontal bridge
line BRS_H(N+1) included in the pixel circuit of the (N+1)-
th row.

FIG. 17 is a plan view for explaining the bottom metal
electrode BML, the semiconductor layer ATV, the first
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conductive layer C1, the second conductive layer C2, the
third conductive layer C3, and the fourth conductive layer
C4.

Referring to FIG. 17, the fourth conductive layer C4 may
be located on the bottom metal electrode BML, the semi-
conductor layer ATV, the first conductive layer C1, the
second conductive layer C2, and the third conductive layer
C3.

The third connection electrode CE3 may electrically come
into contact with the initialization voltage line VINT.
According to some embodiments, the third connection elec-
trode CE3 may additionally come into contact with an
initialization voltage line included in an adjacent pixel
circuit.

FIG. 17 shows embodiments in which the third connec-
tion electrode CE3 electrically comes into contact with the
initialization voltage line VINT, however, on the contrary,
the third connection electrode CE3 may electrically come
into contact with the diode initialization voltage line VAINT
instead of the initialization voltage line VINT. The third
connection electrode CE3 may additionally come into con-
tact with a diode initialization voltage line included in an
adjacent pixel circuit.

The light emission control line EM may electrically come
into contact with the second light emission control bridge
electrode BR2_EM. This will be described later with refer-
ence to FIG. 18.

The first horizontal power voltage line ELVDD_H may
electrically come into contact with the first vertical power
supply voltage line ELVDD_V.

In addition, the first horizontal power voltage line
ELVDD_H may overlap with the first connection electrode
CE1 when viewed in a plan view. Accordingly, the first
horizontal power voltage line ELVDD_H shields the first
connection electrode CE1, so that stability of the pixel
circuit PXCa may be improved.

The second data bridge electrode BR2_DATA may elec-
trically come into contact with the first data bridge electrode
BR1_DATA.

The second pixel bridge electrode BR2_PXE may elec-
trically come into contact with the first pixel bridge elec-
trode BR1_PXE.

FIG. 18 is a sectional view taken along lines VIII-VIII'
and IX-IX' of FIG. 17.

Referring to FIG. 18, the second organic insulating layer
ILO2 may be located on the first organic insulating layer
1L01, and may include an organic insulating material. For
example, the second organic insulating layer ILO2 may
include at least one of acrylic resin, methacrylic resin,
polyisoprene, vinyl-based resin, epoxy-based resin, ure-
thane-based resin, cellulose-based resin, siloxane-based
resin, polyimide-based resin, polyimide-based resin, or
perylene-based resin.

The fourth conductive layer C4 may be located on the first
organic insulating layer 1101, and the second organic insu-
lating layer ILO2 may cover the fourth conductive layer C4.
For example, as shown in FIG. 18, the light emission control
line EM may be located on the first organic insulating layer
101, and the second organic insulating layer ILO2 may
cover the light emission control line EM.

The light emission control line EM may electrically come
into contact with the second light emission control bridge
electrode BR2_EM, and the second light emission control
bridge electrode BR2_EM may electrically come into con-
tact with the first light emission control bridge electrode
BR1_EM. Accordingly, the light emission control signal
applied to the light emission control line EM may be
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provided to the first light emission control bridge electrode
BR1_EM through the second light emission control bridge
electrode BR2_EM.

Referring to FIGS. 12, 17 and 18, the first light emission
control bridge electrode BR1_EM may be spaced apart from
the second bias bridge electrode BR2_VBIAS when viewed
in a plan view. In other words, the first light emission control
bridge electrode BR1_EM may not overlap with the second
bias bridge electrode BR2_VBIAS when viewed in the plan
view.

Accordingly, signal interference may not substantially
occur between the light emission control signal provided to
the first light emission control bridge electrode BR1_EM
and the signal passing through the second bias bridge
electrode BR2_VBIAS (for example, the signal outputted
from the output terminal of the bias transistor T8). In other
words, during the period in which the light emission control
signal provided to the first light emission control bridge
electrode BR1_EM fluctuates, the signal passing through the
second bias bridge electrode BR2_VBIAS may not substan-
tially fluctuate.

Likewise, the second light emission control bridge elec-
trode BR2_EM may be spaced apart from the second bias
bridge electrode BR2_VBIAS when viewed in a plan view.
Accordingly, signal interference may not substantially occur
between the light emission control signal provided to the
second light emission control bridge electrode BR2_EM and
the signal passing through the second bias bridge electrode
BR2_VBIAS.

Referring to FIGS. 17 and 18, according to some embodi-
ments, the light emission control line EM may overlap with
the second light emission control bridge electrode BR2_EM
when viewed in the plan view. However, signal interference
may not substantially occur between the light emission
control signal applied to the light emission control line EM
and the signal passing through the second bias bridge
electrode BR2_VBIAS.

Specifically, the first organic insulating layer I11.01 may be
located between the light emission control line EM and the
second light emission control bridge electrode BR2_EM,
and the first organic insulating layer IL.01 may have a
relatively large thickness. For example, the thickness of the
first organic insulating layer 1.01 may be greater than the
sum of the thickness of the third insulating layer 1L.3, the
thickness of the fourth insulating layer 1[.4, and the thick-
ness of the fifth insulating layer IL5.

The separation distance between the bottom surface of the
light emission control line EM and the top surface of the
second light emission control bridge electrode BR2_EM
may be relatively large. Accordingly, signal interference
may not substantially occur between the light emission
control signal applied to the light emission control line EM
and the signal passing through the second bias bridge
electrode BR2_VBIAS.

On the contrary, a fourth inorganic insulating layer 11.4
and a fifth inorganic insulating layer IL5 may be located
between the first light emission control bridge electrode
BR1_EM and the second bias bridge -electrode
BR2_VBIAS, and each of the fourth inorganic insulating
layer 1.4 and the fifth inorganic insulating layer 1.5 may
have a relatively small thickness. For example, the sum of
the thickness of the fourth inorganic insulating layer 11.4 and
the thickness of the fifth inorganic insulating layer IL5 may
be smaller than the thickness of the first organic insulating
layer 1L01.

The separation distance between the top surface of the
first light emission control bridge electrode BR1_EM and
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the bottom surface of the second bias bridge electrode
BR2_VBIAS may be smaller than the separation distance
between the bottom surface of the light emission control line
EM and the top surface of the second light emission control
bridge electrode BR2_EM. Accordingly, when the first light
emission control bridge electrode BR1_EM and the second
bias bridge electrode BR2_VBIAS are arranged to overlap
with each other in the plan view, signal interference may
occur between the light emission control signal provided to
the first light emission control bridge electrode BR1_EM
and the signal passing through the second bias bridge
electrode BR2_VBIAS.

FIGS. 17 and 18 shows embodiments in which the light
emission control line EM overlaps with the second light
emission control bridge electrode BR2_EM when viewed in
the plan view, however, the present disclosure is not limited
thereto. For example, the light emission control line EM
may not overlap with the second light emission control
bridge electrode BR2_EM when viewed in the plan view.

FIG. 19 is a plan view for explaining a fifth conductive
layer C5.

Referring to FIG. 19, the pixel circuit PXa may include a
fifth conductive layer C5. The fifth conductive layer C5 may
include a conductive material. For example, the fifth con-
ductive layer C5 may include silver, alloys containing silver,
titanium, alloys containing titanium, molybdenum, alloys
containing molybdenum, aluminum, alloys containing alu-
minum, aluminum nitride, tungsten, tungsten nitride, cop-
per, indium tin oxide, indium zinc oxide, and the like, and
these may be used individually or in combination. In addi-
tion, the fifth conductive layer C5 may have a single-layer
or multi-layer structure including at least one of the above-
described materials.

The fifth conductive layer C5 may include a data voltage
line DATA and a vertical bridge line BRS_V. The data
voltage may be applied to the data voltage line DATA.

FIG. 20 is a plan view for explaining the bottom metal
electrode BML, the semiconductor layer ATV, the first
conductive layer C1, the second conductive layer C2, the
third conductive layer C3, the fourth conductive layer C4,
and the fifth conductive layer C5.

Referring to FIG. 20, the fifth conductive layer C5 may be
located on the bottom metal electrode BML, the semicon-
ductor layer ATV, the first conductive layer C1, the second
conductive layer C2, the third conductive layer C3, and the
fourth conductive layer C4.

The data voltage line DATA may electrically come into
contact with the second data bridge electrode BR2_DATA.
Accordingly, the data voltage applied to the data voltage line
DATA may be provided to the input terminal of the switch-
ing transistor T2 through the second data bridge electrode
BR2_DATA and the first data bridge electrode BR1_DATA.

According to some embodiments, the horizontal bridge
line BRS_H may electrically come into contacts with the
data voltage line DATA, or the vertical bridge line BRS_V
may electrically come into contacts with the horizontal
bridge line BRS_H. Accordingly, the data voltage applied to
the data voltage line DATA may be transmitted to various
paths through the vertical bridge line BRS_V and/or the
horizontal bridge line BRS_H.

For example, the data voltage line DATA may electrically
come into contact with the horizontal bridge line BRS_H,
and the horizontal bridge line BRS_H may additionally
come into contact with a data line included in a pixel circuit
of an M-th row spaced apart from the pixel circuit PXCa in
a row direction. Accordingly, the same data voltage may be
applied to the data voltage line DATA and the data line
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included in the pixel circuit of the M-th row. Accordingly,
the vertical bridge line BRS_V and the horizontal bridge line
BRS_H may serve to provide various paths, so that the same
data voltage may be applied to the data voltage line DATA
included in the pixel circuit PXCa and data lines included in
other pixel circuits spaced apart from the pixel circuit PXCa.

FIG. 21 is a circuit diagram for explaining a pixel
included in a display device according to some embodiments
of the present disclosure.

With reference to FIG. 21, the display device according to
some embodiments of the present disclosure may include a
pixel PXb. The pixel PXb may be defined in a minimum unit
for emitting light, and may include a pixel circuit PXCb and
a light emitting diode DIOD.

The light emitting diode DIOD may be substantially the
same as the light emitting diode DIOD described with
reference to FIG. 1. In addition, the pixel circuit PXCb may
be substantially similar to the pixel circuit PXCa described
with reference to FIG. 1. Specifically, the pixel circuit PXCh
may be substantially the same as the pixel circuit PXCa
described with reference to FIG. 1, except for the structure
of the diode transistor T3. Accordingly, hereinafter, dupli-
cate descriptions will be omitted.

Each of the first sub-transistor T3-1 and the second
sub-transistor T3-2 may have only one gate electrode. In
other words, each of the first sub-transistor T3-1 and the
second sub-transistor T3-2 may not be a double-gate struc-
ture.

FIGS. 22 to 24 are views for explaining the pixel of FIG.
21. FIG. 22 is a plan view for explaining a bottom metal
electrode BML'. FIG. 23 is a plan view for explaining the
bottom metal electrode BML', the semiconductor layer ATV,
and the first conductive layer C1. FIG. 24 is a sectional view
taken along lines X-X' and XI-XI' of FIG. 23.

Referring to FIGS. 22 to 24, the pixel circuit PXCb may
include a bottom metal electrode BML', a semiconductor
layer ATV, and a first conductive layer C1. In addition,
according to some embodiments, the pixel circuit PXCb
may include a second conductive layer C2, a third conduc-
tive layer C3, a fourth conductive layer C4 and a fifth
conductive layer C5. In other words, the pixel circuit PXCb
may include substantially the same configurations as the
pixel circuit PXCa described with reference to FIGS. 2 to 20,
except for the bottom metal electrode BML'. Accordingly,
duplicate descriptions will be omitted.

The bottom metal electrode BML' may include a first
bottom metal electrode BML1. In other words, the bottom
metal electrode BML' may have a structure in which the
second bottom metal electrode BML2 is omitted from the
bottom metal electrode BML described with reference to
FIG. 2. Each of the first sub-transistor T3-1 and the second
sub-transistor T3-2 included in the pixel circuit PXCb may
be a single gate transistor including only the top gate
electrode defined by the first gate voltage line GW.

In addition, in the third conductive layer C3 included in
the pixel circuit PXCb, the second connection electrode CE2
for electrically connecting the second bottom metal elec-
trode BML.2 and the first gate voltage line GW to each other
may be omitted.

FIG. 25 is a circuit diagram for explaining a pixel
included in a display device according to some embodiments
of the present disclosure.

Referring to FIG. 25, the display device according to
some embodiments of the present disclosure may include a
pixel PXc. The pixel PXc may be defined in a minimum unit
for emitting light, and may include a pixel circuit PXCc and
a light emitting diode DIOD.
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The light emitting diode DIOD may be substantially the
same as the light emitting diode DIOD described with
reference to FIG. 1. In addition, the pixel circuit PXCc may
be substantially similar to the pixel circuit PXCa described
with reference to FIG. 1. Specifically, the pixel circuit PXCc
may be substantially the same as the pixel circuit PXCa
described with reference to FIG. 1, except that the addi-
tional-stabilization capacitor CSA is omitted. Accordingly,
hereinafter, duplicate descriptions will be omitted.

FIGS. 26 to 28 are views for explaining the pixel of FIG.
25. FIG. 26 is a plan view for explaining a bottom metal
electrode BML". FIG. 27 is a plan view for explaining the
bottom metal electrode BML/, the semiconductor layer ATV,
and the first conductive layer C1. FIG. 28 is a sectional view
taken along lines XII-XII' and XIII-XIII' of FIG. 27.

Referring to FIGS. 26 to 28, the pixel circuit PXCc may
include a bottom metal electrode BML", a semiconductor
layer ATV, and a first conductive layer C1. In addition,
according to some embodiments, the pixel circuit PXCc may
include a second conductive layer C2, a third conductive
layer C3, a fourth conductive layer C4 and a fifth conductive
layer C5. In other words, the pixel circuit PXCc may include
substantially the same configurations as the pixel circuit
PXCa described with reference to FIGS. 2 to 20, except for
the bottom metal electrode BML". Accordingly, duplicate
descriptions will be omitted.

The bottom metal electrode BML" may include a second
bottom metal electrode BML2. In other words, the bottom
metal electrode BML" may have a structure in which the
first bottom metal electrode BML1 is omitted from the
bottom metal electrode BML" described with reference to
FIG. 2. The pixel circuit PXCc may not include the addi-
tional-stabilization capacitor CSA.

In addition, in the third conductive layer C3 included in
the pixel circuit PXCec, the first vertical power voltage line
ELVDD_V may electrically come into contact with each of
the second storage electrode CSTE2 and the first stabiliza-
tion electrode CS1E.

Although the methods have been described with reference
to the embodiments of the present disclosure, it will be
apparent to a person having ordinary skill in the art that
various modifications and variations can be made in the
present disclosure without departing from the scope and
field of the following appended claims, and their equiva-
lents.

The display device according to the embodiments of the
present disclosure may be applied to various electronic
apparatuses. For example, the display device according to
the embodiments of the present disclosure may be applied to
display devices included in computers, smartphones, smart
pads, tablet PCs, and the like.

What is claimed is:

1. A display device comprising:

a light emitting diode;

a driving transistor configured to transmit driving current
to the light emitting diode;

a bias transistor including an input terminal electrically
connected to a bias voltage line;

a first light emission control transistor including an output
terminal electrically connected to an input terminal of
the driving transistor, and a gate electrode configured to
receive a light emission control signal;

a second light emission control transistor including an
input terminal electrically connected to an output ter-
minal of the driving transistor, and a gate electrode
configured to receive the light emission control signal;
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a bias bridge electrode electrically in contact with each of
an output terminal of the bias transistor and the input
terminal of the driving transistor;

a first light emission control bridge electrode configured
to receive the light emission control signal, defining the
gate electrode of the first light emission control tran-
sistor and the gate electrode of the second light emis-
sion control transistor, and spaced apart from the bias
bridge electrode when viewed in a plan view through-
out a pixel circuit.

2. The display device of claim 1, further comprising:

a second light emission control bridge electrode on the
first light emission control bridge electrode in a sec-
tional view, and electrically in contact with the first
light emission control bridge electrode; and

a light emission control line on the second light emission
control bridge electrode when viewed in the sectional
view, electrically in contact with the second light
emission control bridge electrode, and applied thereto
with the light emission control signal.

3. The display device of claim 2, further comprising:

at least one inorganic insulating layer between the second
light emission control bridge electrode and the first
light emission control bridge electrode in the sectional
view.

4. The display device of claim 2, further comprising:

at least one organic insulating layer between the light
emission control line and the second light emission
control bridge electrode in the sectional view.

5. The display device of claim 2, wherein a distance
between a bottom surface of the light emission control line
and a top surface of the second light emission control bridge
electrode in the sectional view is greater than a distance
between a bottom surface of the second light emission
control bridge electrode and a top surface of the first light
emission control bridge electrode in the sectional view.

6. The display device of claim 2, wherein the second light
emission control bridge electrode is spaced apart from the
bias bridge electrode in the plan view.

7. The display device of claim 2, wherein the second light
emission control bridge electrode is on a same layer as the
bias bridge electrode.

8. The display device of claim 1, further comprising:

a first sub-transistor having an output terminal connected

to the gate electrode of the driving transistor; and

a diode transistor including a second sub-transistor having
an output terminal connected to an input terminal of the
first sub-transistor and an input terminal connected to
the output terminal of the driving transistor.

9. The display device of claim 8, further comprising:

a first stabilization electrode overlapping with a first
common area of a semiconductor layer defining each of
the input terminal of the first sub-transistor and the
output terminal of the second sub-transistor, thereby
defining a first stabilization capacitor.

10. The display device of claim 9, further comprising:

a first bottom metal electrode overlapping with the first
common area of the semiconductor layer defining each
of the input terminal of the first sub-transistor and the
output terminal of the second sub-transistor, thereby
defining an additional-stabilization capacitor.

11. The display device of claim 10, wherein the first
stabilization electrode is above the first common area of the
semiconductor layer in a sectional view, and the first bottom
metal electrode is below the first common area of the
semiconductor layer in the sectional view.



US 12,142,213 B2

25

12. The display device of claim 10, wherein the first
stabilization electrode and the first bottom metal electrode
are electrically connected to each other, and a same signal is
applied to the first stabilization electrode and the first bottom
metal electrode.

13. The display device of claim 12, wherein the signal
applied to the first stabilization electrode and the first bottom
metal electrode includes a constant voltage signal.

14. The display device of claim 8, wherein each of the first
sub-transistor and the second sub-transistor includes a
double-gate transistor including a top gate electrode and a
bottom gate electrode.

15. The display device of claim 14, further comprising:

a first gate voltage line defining a top gate electrode of the
first sub-transistor and a top gate electrode of the
second sub-transistor; and

a second bottom metal electrode defining a bottom gate
electrode of the first sub-transistor and a bottom gate
electrode of the second sub-transistor.

16. The display device of claim 15, wherein the first gate
voltage line and the second bottom metal electrode are
electrically connected to each other, and the second bottom
metal electrode is configured to receive a first gate voltage
from the first gate voltage line.

17. The display device the of claim 1, further comprising:

a driving initialization transistor including a third sub-
transistor having an output terminal connected to the
gate electrode of the driving transistor, and a fourth
sub-transistor having an output terminal connected to
an input terminal of the third sub-transistor and an input
terminal connected to an initialization voltage line.

18. The display device of claim 17, wherein the bias
voltage line overlaps with a second common area of a
semiconductor layer defining each of the input terminal of
the third sub-transistor and the output terminal of the fourth
sub-transistor, thereby defining a second stabilization
capacitor.

19. A display device comprising:

a light emitting diode;

a driving transistor configured to transmit a driving cur-

rent to the light emitting diode;

a bias transistor including an input terminal electrically
connected to a bias voltage line;

a first light emission control transistor including an output
terminal electrically connected to an input terminal of
the driving transistor and a gate electrode configured to
receive a light emission control signal;

a second light emission control transistor including an
input terminal electrically connected to an output ter-
minal of the driving transistor and a gate electrode
configured to receive the light emission control signal;

a diode transistor including a first sub-transistor having an
output terminal connected to a gate electrode of the
driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the
first sub-transistor and an input terminal connected to
the output terminal of the driving transistor; and

a first bottom metal electrode overlapping with a first
common area of a semiconductor layer defining each of
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the input terminal of the first sub-transistor and the
output terminal of the second sub-transistor, thereby
defining an additional-stabilization capacitor.

20. The display device of claim 19, further comprising:

a first stabilization electrode overlapping with the first
common area of the semiconductor layer defining each
of the input terminal of the first sub-transistor and the
output terminal of the second sub-transistor, thereby
defining a first stabilization capacitor.

21. The display device of claim 19, wherein each of the
first sub-transistor and the second sub-transistor includes a
double-gate transistor including a top gate electrode and a
bottom gate electrode.

22. The display device of claim 21, further comprising:

a first gate voltage line defining a top gate electrode of the
first sub-transistor and a bottom gate electrode of the
second sub-transistor; and

a second bottom metal electrode defining a bottom gate
electrode of the first sub-transistor and a bottom gate
electrode of the second sub-transistor, and electrically
connected to the first gate voltage line.

23. The display device of claim 22, wherein the first
bottom metal electrode and the second bottom metal elec-
trode are on a same layer.

24. The display device of claim 22, wherein each of the
first bottom metal electrode and the second bottom metal
electrode is below the semiconductor layer in a sectional
view, and the first bottom metal electrode and the second
bottom metal electrode are spaced apart from each other in
a plan view.

25. A display device comprising:

a light emitting diode;

a driving transistor configured to transmit a driving cur-

rent to the light emitting diode;

a bias transistor including an input terminal electrically
connected to a bias voltage line;

a first light emission control transistor including an output
terminal electrically connected to an input terminal of
the driving transistor and a gate electrode configured to
receive a light emission control signal;

a second light emission control transistor including an
input terminal electrically connected to an output ter-
minal of the driving transistor and a gate electrode
configured to receive the light emission control signal;

a diode transistor including a first sub-transistor having an
output terminal connected to a gate electrode of the
driving transistor, and a second sub-transistor having an
output terminal connected to an input terminal of the
first sub-transistor and an input terminal connected to
the output terminal of the driving transistor;

a first gate voltage line defining a top gate electrode of the
first sub-transistor and a top gate electrode of the
second sub-transistor; and

a second bottom metal electrode defining a bottom gate
electrode of the first sub-transistor and a bottom gate
electrode of the second sub-transistor.
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